i [ ES ™ (1 1
i - i, g ith
8 » wh -
| & 4 § W ¥
b A& .
X & F [ 28
a I
) I i
(i i
= |
2
% %
U A
II
|

| Ba

PerkinEimer’
For the Better

Guide to Insight into ligand Classes




Pharmacology - Insight into ligand Classes

PURPOSE AND SCOPE

Purpose and Scope

Welcome to this pharmacology booklet, a document that helps scientists and
researchers understand and navigate the diversity of ligands and ligand/receptor
interactions associated with pharmacology studies. We hope the explanations and
visuals provided in this document will contribute to shedding light on this area of
research.

The document is organized around the distinction between the different classes

of ligands and their characteristics. An introduction addresses the issues of
pharmacological research, before reviewing the different ligand classes involved

and the basic principles of ligand/receptor interaction models as well as the
pharmacological parameters that are commonly used to study them. It is followed by
four illustrated sections that present and explain the characteristics and properties of
each class.
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Introduction

Pharmacology is the science studying the effects of compounds on biological
systems. It is a critical area of therapeutic research and a mandatory part of all drug
development projects, as such processes have demanding requirements in terms

of understanding, predicting and quantifying the ability of drug candidates to exert
sought-after effects on the body. Pharmacology is therefore heavily involved in many
steps of the drug development process, where it is part of early drug discovery steps
and toxicology studies. It remains a significant aspect of all clinical trial stages from

| through Il1.

Ligand-receptor relationships are especially relevant to applied pharmaceutical
research, as the most important area of therapeutic research is that of G protein
coupled receptors (GPCRs) which account for over 800 receptors and numerous
functions in humans. In January 2018, the Food and Drug Administration (FDA)
reported that a total of 475 drugs targeting 108 GPCRs had received its approval
(34% of all FDA-approved drugs), while an undisclosed number of drugs targeting
66 other GPCRs were undergoing clinical trials (Hauser A. S, 2018).
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NOTIONS OF PHARMACOLOGY

Orthosteric and Allosteric Ligands

Depending on the receptor binding site they target, ligands are referred to as either
orthosteric or allosteric (Fig. 1).

An orthosteric site is usually understood as the “natural” site of a receptor, which
triggers the receptor biological effect upon binding of said ligand. It corresponds to
the region of the receptor that binds its natural ligand. However, this definition remains
somewhat incomplete as some receptors (especially GPCRs) can have several natural
ligands that bind to different sites and trigger different effects. For that reason, an
orthosteric site is best defined for a receptor/ligand couple as “the preferred binding
site of a given natural ligand on its receptor”.

On the other hand, all other regions of a receptor that may bind a ligand are called
allosteric sites. Even though most of them do not have the ability to generate biological
effects on their own, these regions and the ligands that target them are still relevant

to pharmacology as allosteric binding can induce conformational modifications in

the receptor. Such modifications can sometimes lead to increases/decreases of the
orthosteric ligand binding and/or signal strength, which indirectly affect the receptor’s
biological activity (Nussinov R, 2072).
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Ligands are well-characterized in equilibrium contexts (equilibrium of receptor/ligand Alostrcgand Agonists
binding & equilibrium of the induced response) (Bdioui S, 2018) where three parameters s g | e ;M

, ) : > Agonists
determine their effects on receptors:

it e Hatsegy

Conformational changes ‘
within the receptor

> Full agonists

Receptor biological

- Efficacy is noted E and refers to the property of different ligands to trigger == l’p > Partial agonists

responses of varying intensity when binding the same number of receptors. For

every receptor, the maximal theorical response obtainable is induced by a ligand S I Antagonists

H H H L Y N ) /7 N T iy Sty Sra O i Ry - 12E 1y, .
of efficacy E__, which is usually the natural ligand (Fig. 2.a). : o I> Antagonists
. . . . . B st i [> Competitive antagonism
- Affinity indicates the strength of the interaction between a ligand and its receptor. Toolig o e afcis Exclomroporss 1o ot vy oot Ks. T oot o s e it 550 P 9
. . . . . . R . o intensities. concentrations to occupy 50% of the available: concentrations to induce 50% of the Emax response .
It is usually described with the equilibrium dissociation constant Kd, which e o > Insurmountable antagonism
H H H 1 O, . .
corresponds to the molar concentration of ligand required to bind 50% of all Fugonis P ol s e o > Functional antagonism
receptors of a system. The smaller the Kd, the stronger the interaction (Fig. 2.b). - t s o L lasiine =i s
agoris = S— cunve in presence of the profiled ligand
+ Potency is an indicator of the activity of a ligand in terms of the amount needed e i W o v :
. . . . Fig. 3 Ligand characterization Fig. 4 Ligand profiing Inverse agor"sts
to produce a given effect. The International Union of Pharmacology Committee
warns users against the imprecise nature of that term, which needs further Click to Enlarge Allosteri dulat AM)
. . : ) . ricm r
definition to be practical. In fact, potency is often measured with the half maximal osteric modulators (
effective concentration EC, of a ligand, or half maximal inhibitory concentration o ) > Allosteric enhancers and antagonists
. . ’ o Pharmacological ligand classes - overview .
IC,, for an antagonist, which correspond to the molar concentration of said ligand and neutral allosteric ligands
to mediate 50% Of |tS effeCtS (Flgzc) (NeUb,g RRI 2003) No ligand (reference for comparison)  Antagonists @ Positive allosteric modulators (PAMs) @ .
Receptor is either inactive - Impair agonists’ effects - Allosteric binding WOI'kS Clted
. . or constitutively active - No effects on their receptors by themselves - Induce conformational changes that
The potency and efﬂcacy parameters are used to StUdy ||gands in two ways. ~>No or basal receptor signaling ~>No change in receptor signaling enhance agonists’ potency and/or efficacy
| . --> Increased receptor signaling compared
' ' to agonist
+ Characterization is the study of a ligand on its own and yields information related § . ' @ ° ‘
to the ligand's class. It is usually only performed as an early step in drug discovery ; ¥ ol
processes and investigations (Fig. 3). Y ¥ 3 /! °
-+ Profiling is the study of a ligand in addition to an agonist. These experiments ¥ .lll L ||III Y
provide information about how ligands behave in an environment featuring other : ;
compounds. Profiling steps are critical to properly describe and understand ! ‘
. . . . . . Agonists @ Inverse agonists @ Negative allosteric modulators (NAMs) @
a ligand, as well as to determine its true in-vivo effects. They are also heavily Induce therreceptrs biologica response. it thei receptorconstutve. - Allstei binding
. . . . L. . . . --> Increased receptor signaling (basal) activity - Induce conformational changes that reduce ago-
involved in the determination of doses and toxicity studies in pharmaceutical > Decreased receptor signaling i’ potency and/orefiacy v )
. --> Decreased receptor signaling compared to agonist
development (Fig. 4).
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Allosteric ligand
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Fig. 1: Othosteric and allosteric ligands
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Fig. 2.a: Ligand efficacies. Fig. 2.b: Ligand affinities Fig. 2.c: Ligand potencies
Two ligands of varying efficacies E achieve responses Two ligands of varying affinity require different Kd Two ligands of different potencies require different EC50
of different intensities. concentrations to occupy 50% of the available concentrations to induce 50% of the Emax response
receptors of the same system. of the same system.
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Pharmacological ligand classes - overview

No ligand (reference for comparison)
Receptor is either inactive

or constitutively active

--> No or basal receptor signaling
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Agonists ()

Induce their receptors biological response

--> Increased receptor signaling
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Antagonists @
- Impair agonists’ effects

Positive allosteric modulators (PAMs) @
- Allosteric binding

- No effects on their receptors by themselves - Induce conformational changes that

-->No change in receptor signaling

\/

Inverse agonists @

Inhibit their receptor constitutive
(basal) activity

--> Decreased receptor signaling
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enhance agonists’ potency and/or efficacy
--> Increased receptor signaling compared
to agonist
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Negative allosteric modulators (NAMs) @

- Allosteric binding

- Induce conformational changes that reduce ago-
nists’ potency and/or efficacy

--> Decreased receptor signaling compared to agonist
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LIGAND CLASSES IN THERAPEUTIC APPLICATIONS

Ligand Classes in Therapeutic Application

Agonists are commonly used in medicine to induce sought-after responses relevant to
pathologies. Full agonists mimic the effects of natural ligands and are used to induce
strong biological responses or support organisms lacking natural ligands. For instance,
isoproterenol and morphine are full agonists of b-adrenoreceptors and m-opioid
receptors in the CNS respectively, and are used to induce strong stimulation of those
for bradycardia (low heart rate) and acute pain treatment purposes.

Partial agonists offer the opportunity to mediate beneficial biological responses of a
lesser intensity than that of full agonists. Their therapeutic relevance lies in their ability
to trigger a desired response while decreasing the risk for adverse effects.

A widely used example is that of salbutamol, better known as Ventolin. Being a fast and
short-acting partial agonist of B2-adrenergic receptors, this ligand acts within

15 minutes and for 2-6 hours to induce moderate relaxation of airway smooth muscles,
which results in bronchodilation and is an effective treatment for any at-risk airway
constriction (asthma attacks but also allergies, chronic obstructive pulmonary or
exercised-induced constriction). Another case is that of bupropion, a partial agonist

of the acetylcholine nicotinic receptor used for nicotin withdrawal symptoms
management. Its partial agonism allows for a reduction of these symptoms while
avoiding to reinforce addiction pathways the way a full agonist such as nicotin does.

Antagonists are the counterpart of agonists and prevent their receptors from receiving
activating signals. For this reason, they are widely used in therapy to obtain various
results by blocking relevant signaling pathways. Atropine is a case of a competitive
antagonist of the acetylcholine muscarinic receptors. It is used to treat bradycardia
(low heart rates) and heart blocks by preventing vagal nerve signals (which result in
acetylcholine release at synapses in cardiac tissues) from affecting the heart, thus
increasing the firing rate of the sinoatrial node and resulting in accrued heart rates.

Inverse agonists have been mistaken for antagonists for a long time until the
constitutive activity of GPCRs was identified. For this reason, many antagonists were
re-evaluated and characterized as inverse agonists. This was the case for nearly all
antihistaminics.

7 | www.perkinelmer.com

In current pharmacology, carvedilol is a relevant example of an inverse agonist of

the b-adregnergic receptor. It is used as a beta-blocker in congestive heart failure

and hypertension, and has repeatedly been a top US prescription (Khilnani G, 2071).
Thanks to its inverse agonism, carvedilol lowers the maximal activity of b-adrenergic
receptors regardeless of the amount of natural ligand present, whereas a conventional
antagonist could be rendered ineficient by an excess of natural igand. Inverse agonists
also represent a significant hope for addiction medication as they lower the maximal
response of systems to drugs, thus preventing risks of overdoses and promoting low
addictive responses.
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LIGAND CLASSES IN THERAPEUTIC APPLICATIONS

Ligand Classes in Therapeutic Application

Allosteric modulators are not as present in therapeutic arsenals as the other ligand o —
. . . . . . Partial agonist of adrenaline B2-adrenergic receptor i lungs Partial agonist of acetylcholine nicotinic - .
classes but have been increasingly investigated for the fine tuning of ligand-based [,J."Ju:e.,,;m:.‘m'"m';ﬁ.:m:mmam?:.s - ] ff’:ﬁ‘,‘:ﬁmﬂ.mmwmawa‘ ' "@TM"
therapies they could introduce to medicine. They have already been proven beneficial vosne - - J "
L. . . . . - Competitve antagonistof acetylcholine muscarnic receptors amplete sgns complets signl
to condition previously challenging for other ligand classes. Unlike orthosteric ligands ">‘mj;“:‘;'f,”m"’“”“W“*“:‘j?’a"“z""'m i Mgt yons
cetylcholine itropine ° .ow addiction pathways
which tend to target their receptors across the whole body, allosteric modulators can gy A . T
. . . . . . . ' ‘ Experimental dopamine D1 receptor positive modulators
have tissue-specific effects as they modulate already existing responses within tissues. il , 2l G sy, s
o
Sc'::m:;.[g’nai Cumnﬁ::-::ﬂé;r::::s;z signal 4'“»;\;::7‘;8:(2;’:1~d\nhenv\»1H-Wrazn\»ﬁ-yllbenza~

Experimental mGluR5 positive modulators

Some experimental positive modulators such as 4-nitro-N-(1,3-diphenyl-1H-pyrazol-
5-yl) benzamide (VU-29) for mGIuR5 receptors or DETQ, DPTQ and LY3154207 for A T —

--> Treatment of the “negative” symptoms (deficits) associated
‘with schizophrenia

Addition of allosteric

Low orthosteric ligand et

> Treatment of bradycardia (low heart rates), heart block,
dopamine D1 receptor have already demonstrated positive results in depressive — W/@M w‘f@f
disorders and schizophrenia (J.E. Ayala, 2009) (K.A. Svensson, 2079). oty et A i Jl

and hypertension ol

ﬁ:;::::;"g — — |Tmnmmm signal Complete signal
...@... e ‘ﬁﬂg " L [?ﬂﬁ;’;’:ﬁ; ofwopiid eceptors n the Central Nervous Symm]
' ' ' -> Treatment of acute pain and chronic pain
all o

Complete signal ~ Constitutive activity  Lower activity
Increased heartrate  Steady heart rate
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Salbutamol

Bupropion Nicotin Bupropion
Partial agonist of adrenaline 32-adrenergic receptor in lungs | —— | Partial agonist of acetylcholine nicotinic ",@5 . (ﬁgg .
--> Induce bronchodilation to mitigate asthma crisis receptors

--> Treatment of nicotin withdrawal ‘ ‘
symptoms.
Atropine - ."' ..
Competitive antagonist of acetylcholine muscarinic receptors . '
Complete signal Incomplete signal

--> Treatment of bradycardia (low heart rates) and heart blocks
Acetylcholine Atropine

8
‘ DETQ, DPTQ and LY3154207

l ] Experimental dopamine D1 receptor positive modulators
--> Treatment of depressive symptoms, major depressive
." ol disorder and schizophrenia
Complete signal Competition decreases the signal 4-nitro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benza-
Steady heart rate Increased heart rate mide (VU-29)
Experimental mGIuRb positive modulators
| ->Treatment of the "negative" symptoms (deficits) associated
with schizophrenia
Isoproterenol / Addition of allosteric
Full agonist of B-adrenergic receptors Low orthosteric ligand modulation
--> Treatment of bradycardia (low heart rates), heart block, -
and rarely asthma .@n@.@. '@M
NV 7 NV 7

Carvedilol
o Jl

Inverse agonist of the 3-adrenergic receptor.
Incomplete signal Complete signal

Addiction pathways Mitigates withdrawal symptoms
Low addiction pathways

--> Used as a beta-blocker in congestive heart failure
and hypertension

Adrenaline or No ligand Carvedilol
isoproterenol i
( Morphine

”’@"‘ ‘“@“’ m@“ — | full agonist of p-opioid receptors in the Central Nervous System
‘ ‘ j --> Treatment of acute pain and chronic pain

}
all o .

Complete signal  Constitutive activity Lower activity , :

Increased heartrate  Steady heartrate Decreased heart rate
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AGONISTS

Agonists

“A ligand that binds to a receptor and alters the receptor state resulting in a biological
response’ — International Union of Pharmacology Committee

The term agonist refers to any ligand which may induce a receptor’s biological
response upon binding to said receptor’s orthosteric site. Agonists are characterized by
their affinity for their receptors (Kd), potency (EC,), and maximal response or efficacy (E).

Agonists are split into two categories depending on how their efficacy compares to that
of the target receptor’s natural ligand: full agonists and partial agonists.

Full Agonists

“When the receptor stimulus induced by an agonist reaches the maximal response
capability of the system (tissue), then it will produce the system maximal response and
be a full agonist in that system” — International Union of Pharmacology Committee

As this extract indicates, full agonists may induce the full or maximal response of

the receptor they bind to, which is usually measured against the receptor’s natural
ligand. They are characterized by the equation E, ... = E ., = 100% (ligand efficacy
is equivalent to that of the natural ligand). Although they all induce maximal response,
all full agonists are not equal and can differ in potency. Potent full agonists have lower
EC,, and reach maximal efficacy sooner than their less potent kin (Fig. 5).

For a biological system such as a cell or an organ, full agonism and maximal response
do not necessarily require all receptors of said system to be bound. Often, full agonists
trigger the maximal response in humans without binding a portion of receptors known
as the spare receptors, or receptor reserve which exists in excess to the amount

10 | www.perkinelmer.com

necessary for maximal response. In pharmacology, these discrepancies indicate a non-
linear relationship between the receptor occupancy rate of a system and its biological
response, and can be characterized by the inequation Kd > EC_ (affinity < potency)
(Fig. 6). The greater the receptor reserve, the lower the EC, is for a given receptor
occupancy (Neubig R.R, 2003) (Gomperts B.D, 2009).

For agonist 2, all receptors available after Emax
is reached are spared receptors.

Kd,,,, > EC50

ago2 ago 2

E =Efia2 = E
o fullago T full ago 2 max 100% 1
75% 75%

50% + -

Agonist 1 requires 100% receptor

Response
1%
3
BN
i
I
I
|
I
I
I
|
i
i
I
Response

EC50 < EC50, . | occupancy to induce Emax, there
25% fullago 1 fullago 2 25% ! are no spare receptors
|
0+ — 0 ! ! Kd,go1= EC501W1
ECS0unag0r  ECS0 115502 25% 50% 75% 100%
Log[Ligand] M Receptor occupancy
Fig. 5: Two full agonists may have unequal potencies, which means different EC50. Fig. 6: Full agonist with spare receptors profile

The agonist 1 is more potent than agonist 2 and requires a lesser
EC50 concentration to induce 50% of the maximal response.

Agonist 1 - Emax is induced by 100% receptor occupancy.

Linear response to receptor occupancy, and EC50 = Kd. Absence of spare receptors.
Agonist 2 - Emax is induced by less than 100% receptor occupancy.

Non-linear response to receptor occupancy, and EC50 < Kd. Presence of spare receptors

Click to Enlarge
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For agonist 2, all receptors available after Emax
is reached are spared receptors.

- Kdagoz> EC50agoZ
EfuII ago 1 = EfullagoZ = Emax EE—
100%+-------------= 100% -
% 75% § 75%
> o | = Agonist 1 requires 100% receptor
g 90% & 50% 4 /- .
o« " EC50, 00 1< EC50¢) 00 2 2 | | occupancy to induce Emax, there
25% : utlago ulago 259% | | are no spare receptors.
| I
| -
0 T T t — T T 1 0 ! r !I . . Kdago 1 - EC50 ago 1
ECBofuIIagM ECsofull ago 2 250/0 50(%, 750/0 1 OOOA)
Log[Ligand] M Receptor occupancy
Fig. 5: Two full agonists may have unequal potencies, which means different EC50. Fig. 6: Full agonist with spare receptors profile
The agonist 1 is more potent than agonist 2 and requires a lesser Agonist 1 - Emax is induced by 100% receptor occupancy.
EC50 concentration to induce 50% of the maximal response. Linear response to receptor occupancy, and EC50 = Kd. Absence of spare receptors.

Agonist 2 - Emax is induced by less than 100% receptor occupancy.
Non-linear response to receptor occupancy, and EC50 < Kd. Presence of spare receptors
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AGONISTS

Partial Agonists

"in a given tissue, under specified conditions, cannot elicit as large an effect (even when
applied at high concentration, so that all the receptors should be occupied) as can
another agonist acting through the same receptors in the same tissue" — International
Union of Pharmacology Committee

Partial agonists are agonists that fail to induce the maximal response of a system
compared to that system’s natural ligand or full agonists, even at full receptor
occupancy. Their maximal efficacy is inferior to that of the natural ligand or full
agonists. In pharmacology they are characterized by the inequation € ... <E__
(efficacy is inferior to that of the natural ligand) (Fig. 7).

When in presence of a full agonist targeting the same receptors, partial agonists
compete with them for a finite number of receptors. In this context, some receptors
are bound by full agonists while others are bound by the partial ones, and the overall
system is therefore prevented from reaching the maximal response as long as this
competition persists. The competition can however be overpowered by an excessive
concentration of full agonist, in which case the system maximal response is still
achieved. For this reason, partial agonists are described as acting as antagonists when
in presence of a full agonist, because they compromise the full agonist’s ability to
induce the maximal response (see competitive antagonism). In pharmacology, partial
agonists are profiled in presence of a full agonists by a rightward shift of the dose-
response curve (Fig. 8) and the following equation and inequation (Neubig R.R, 2003):

Eripartial = Ema s Maximal efficacy is unaltered, as the maximal response can be
achieved by a significant enough excess of full agonist.

EC EC,, ., Potency is inferior to that of the full agonist alone (Fig. 8)

>
50 full + Partial

12 | www.perkinelmer.com

EfuII ago = Emax

75%
50%

Response

<E

partial ago max

Log(Ligand] M

Fig. 7: Partial agonist characterization
Partial agonists fail to induce a maximal response
compared to full agonists. Their efficacy E is lower than Emax.

E

Efwago = Erutago = Emax
+ partial ago

EC50;, 3q0< EC50

full ago
+ partial ago

0 +—=

T
Ecwmn ago ECE\UM

lago
+parialago

Log[Full agonist] M

Fig. 8: Partial agonist profiling
Addition of a partial agonist to a full agonist does not modify the maximal response.

However, the potency of the mix is less than that of the full agonist alone (increased EC50).

Full agonist alone for reference.

Click to Enlarge
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E _E EfuII ago Efu”ﬂgo = IEmax
fullago — =max + partial ago
100% + - - = = - oo e 100% 4+ -—-———-———————=
3 75%- 2 79%1
S  l_________ 5]
2 50%- @ 50%+--------
& o <E o ' EC50¢ ogo< EC50y,
o partial ago max 5% - ! g ull'ago
25% - 0 : + partial ago
0 1 T T T T T 1 0 T 1 !I T . T T 1
EC501050  EC50. 000
+ partial ago
Log[Ligand] M Log[Full agonist] M
Fig. 7: Partial agonist characterization Fig. 8: Partial agonist profiling

Partial agonists fail to induce a maximal response Addition of a partial agonist to a full agonist does not modify the maximal response.
compared to full agonists. Their efficacy E is lower than Emax. However, the potency of the mix is less than that of the full agonist alone (increased EC50).
Full agonist alone for reference.
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ANTAGONISTS

Antagonists

“A drug that reduces the action of another drug” — International Union of Pharmacology
Committee

The term antagonist refers to a ligand which may impair the biological response
induced by a receptor’s agonist. Depending on the strength of the impairment induced
and the mechanisms by which they induce it, antagonists can be characterized

in several subclasses (Neubig R.R, 2003). Whatever their mechanisms of action,
antagonists are generally characterized by a lack of activity on their own (Fig. 9.a), and
profiled in presence of an agonist by a rightward parallel shift of the dose/response
curve and the equation EC,y .o < ECyr 0. g (FIG. 9.D). The overall efficacy E of a
full agonist in presence of an antagonist can be altered or preserved, and is relevant to
the antagonist subclasses. The reversibility of that decrease by introducing an excess

of agonist is the key to determining the subclass of antagonists.

Additionally, antagonists are often described in relation to a full agonist of their
receptors by their IC, value, which corresponds to the amount of antagonist required
to reduce the effects of the agonist by 50%. This value therefore serves as a read out of
the antagonist potency (Fig. 9.c).
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ANTAGONISTS

Competitive Antagonism

Most ligands that are usually referred to as simple antagonists are competitive 100%
antagonists, meaning they bind to the same orthosteric site on their receptor T .
. . . L 2 50% g
as agonists. Consequently, the agonist and antagonist bindings are mutually % :
. ,, e S - < Epago=0 <
exclusive, hence the term “competitive”. Unless they exhibit additional features (see  ——
insurmountable antagonism and long-lasting effects), competitive antagonists do T o
not affect the efficacy E_ of agonists, which can still trigger the maximal response todlhrtagel todlhrtssersi
. . . ) Fig. 9.a: Neutral antagonist characterization Fig. 9.c: Determination of an Agonist IC50 - Case of a competitive antagonist
provided that they are present in a large enough excess to overpower antagonists Aol o s e oottt o 1) Akl s st npresnc ofa l s o g
. . . s efficacy is therefore equal to zero. until it reaches equilibrium at its maximal response.
competition. However competition does decrease the potency of agonists, as a larger _
Eutags = Euioso = Emae :)d;::{:s‘::n::me:s n::r:::vl;e: ;as mcreasmgco::::lvanonso(antagomstave

+antago

amount of said agonists is required to produce the same effect as they would alone.
This makes competitive antagonists recognizable by the rightward parallel shift

of the dose response curve they induce when in presence of agonists (Fig. 9.b). In
pharmacology, competitive antagonists are profiled in relation to full agonists by the 0
following equation and inequation (Wyllie D.J.A, 2007):

more receptors are bound by antagonist rather than agonists

- 2
=t
® R

3) The antagonist's IC50 is defined for that system and experimental conditions as
agonist whi the

2173 y negating 50% of the ag

| EC50;, 0 < FC50

Response

full ago
+antago

LoglFul agonist] M

Fig. 9.b: Antagonist profiling
Addition of a competitive antagonist to a full agonist does not modify the maximal

M E =E maXimal efﬂcacy iS Unaltered, as the maximal reSpOnse response. However, The potency of the mix i less than that of the full agonist alone.

max _ —full ago+compet antago Full agonist alone for reference.

can be achieved by a significant enough excess of full agonist.

Click to Enlarge
- EC >EC

50 full ago + compet antago 50 full ago’

(Fig. 9.b).

potency is inferior to that of a full agonist alone

Non-competitive antagonists are characterized by their ability to impair agonists’
effects without substituting for the agonist on the receptor’s orthosteric site. In
practice, they are split between functional antagonists and Negative Allosteric
Modulators, or NAMs, that are part of the larger ligand class of Allosteric modulators.
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100% 1
75% 1
£ 50% 1
£ 259
Eantago =0
0
Log[Antago] M

Fig. 9.a: Neutral antagonist characterization
A neutral antagonist (most antagonists) has no effect of its own.
Its efficacy is therefore equal to zero.

i EfuII ago Efullago = Emax
+antago
L
& 75%-
[y
2
@ 50%t+------—-
- 0 - ECS0y ago EC5Ofullago
Z5% : + antago
0 T T t T I T T ]
ECSOfU” ago EC50 full ago

+antago
Log[Full agonist] M
Fig. 9.b: Antagonist profiling
Addition of a competitive antagonist to a full agonist does not modify the maximal

response. However, The potency of the mix is less than that of the full agonist alone.
Full agonist alone for reference.
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Fig. 9.c: Determination of an Agonist IC50 - Case of a competitive antagonist
1) A biological system is incubated in presence of a full agonist (or natural ligand)
until it reaches equilibrium at its maximal response.

2) The response is then monitored as increasing concentrations of antagonist are
added to the system. As antagonist concentration rises, the equilibrium is displaced and
more receptors are bound by antagonists rather than agonists.

3) The antagonist’s IC50 is defined for that system and experimental conditions as
the concentration of agonist which displaces the equilibrium signal by 50%,
effectively negating 50% of the agonist-induced response.
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ANTAGONISTS

Insurmountable Antagonism

As a result of antagonists’ ability to decrease agonists’ potency, the biological response
induced by an agonist in presence of an antagonist is less than that of the same
amount of agonist alone (Fig. 10). In many cases, this phenomenon does not prevent
an agonist from inducing its maximal response, provided a high enough concentration
is added to the system. When such requirements are met, the antagonist is called
surmountable or reversible, and is characterized in presence of a full agonist by the
competitive antagonist equations

=E . maximal efficacy is unaltered, as the maximal response can be

ago+ antago max '

achieved by a significant enough excess of full agonist.

EC >EC ; potency is inferior to that of a full agonist alone (Fig. 10).

50 ago + antago 50 ago

However, the terms insurmountable or irreversible refer to antagonists whose impact
on an agonist's maximal efficacy E__ cannot be made up for by a large excess of
said agonists, and is therefore “insurmountable”. Such antagonists can yield these
results through different molecular behaviors including long-lasting effects (irreversible
binding, slow dissociation, fast dissociation & association rates), allosteric modulation,
functional antagonism, or receptor internalization induction. In pharmacology,
insurmountable antagonists are characterized in presence of a full agonist by a
rightward shift of the dose/response curve, a decreased maximal response (Fig. 10),
and the following inequations (Neubig R.R, 2003):

<E

full ago+antago max ’

ECSO full ago+antago > ECSO fullago ’

(Vauquelin G, 2002)

maximal efficacy is lower than that of the full agonist alone.

potency is inferior to that of the full agonist alone.

The terms reversible and irreversible that are sometimes used in place

of surmountable and insurmountable refer to the antagonists’ effects on
agonists’ efficacy. They are not to be confused with reversible and irreversible
binding, which come into play for long-lasting effect ligands (Fig. 11).
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Insurmountable AE
100%
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Fig. 10: Full agonistin presence of surmountable and
insurmountable antagonists

Insurmountable antagonists

- Irreversible binding (covalent or strong interaction)
- Slow dissociation
- Fast dissociation & re-association

Long-lasting effects
antagonists

: - Functional antagonism
Ol SR Permanent allosteric conformational changes
- Induced receptor internalization

Fig. 11: Distinction between insurmountable antagonists
and long-lasting antagonism
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ANTAGONISTS

Functional Antagonism

Functional antagonists differ from all the previously mentioned antagonists as they

do not decrease agonists’ effects by interacting with the agonist receptor directly, but
rather through opposite cell or tissue-mediated effects. In short, they are molecules
which have effects of their own that negate those of an agonist (Kim J, 2005). A
classic example of functional antagonism is that of epinephrine, which mediates higher
arterial pressure through the AT-adrenergic receptor, and is a functional antagonist of
histamine, mediating lower arterial pressure through the histamine receptor (Keeney,
7950). Consequently, epinephrine is a common treatment for anaphylaxis, along with
antihistamines (Fig.12).

As mentioned in the corresponding section, functional antagonists can be
insurmountable if their effect is too strong to be overpowered a large amount of
agonist (reference).

Long-Lasting Effects

Some ligands, and especially antagonists, are qualified as long-lasting to describe
their ability to induce effects in a permanent-like fashion. They are usually defined by
observable dissociation rates equivalent to zero at relevant time scales. There can be
several reasons for these ligands to behave the way they do, and the most common
ones include:

Irreversible binding to the receptor, either covalent or extremely tight,
Slow dissociation from the receptor,

Fast dissociation & re-association rates.
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Due to their long-lasting effects, competitive antagonists that qualify in this category
cannot be effectively displaced by agonists when competing for receptors, even

at high agonist concentrations. Consequently, all long-lasting antagonists are also
insurmountable (Fig. 11) and are characterized in presence of a full agonist by a
rightward shift of the dose/response curve, a decreased maximal response (Fig. 10),
and the same inequations as insurmountable antagonists (Neubig R.R, 2003)
(Dougall 1.G, 2015).

Epinephrine receptor Histamine receptor

[ ]
Vasoconstriction Vasodilation
% % 0
: s 1®
£ 2
=z =
[Epinephrine] M [Histamine] M
Epinephrine and Histamine have opposed functions
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0
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Epinephrine receptor Histamine receptor

Vasoconstriction Vasodilation

\/ \/

[Epinephrine] M [Histamine] M

\ /

Epinephrine and Histamine have opposed functions
on artery diameter and arterial pressure, which cancel each other

Artery diameter

Artery diameter

% 100% 1 Histamine alone
§ 75% 1 Histamine
-; 50% | + 1 dose of epinephrine
£ 25%.
<
0

Log[Histamine] M

Fig. 12: Epinephrine’s functional antagonism to histamine receptor
Addition of epinephrine to increasing concentrations of histamine affects the dose-response curve compounding
artery diameter or arterial pressure in the same way that an antagonist of the histamine receptor would. , )
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INVERSE AGONISTS

Inverse Agonists

‘A ligand that by binding to receptors reduces the fraction of them in an active
conformation” — International Union of Pharmacology Committee

For a ligand to qualify as an inverse agonist, it requires its target receptor to exhibit
some constitutive and spontaneous activity in the absence of agonist. This is a
situation often observed in GPCRs, which is why inverse agonism tends to be relevant
only for that family of receptors.

When this is the case, inverse agonists are ligands that produce the opposite effect
to that of agonists upon binding their receptors’ orthosteric site. They differ from
antagonists in that they do not simply prevent the agonists’ biological response to
take place, but also induce an opposite response. Effectively, this means decreasing
the constitutive activity of their receptor. For this reason, inverse agonists are
understood to have a negative efficacy. Much like agonists, their effects can be
opposed and impaired by antagonists likely to compete with them for receptors or
that alter receptors. Inverse agonists have been challenging the usual 2-state model
for receptors, which states that a receptor is either inactive (Ri) and free or antagonist-
bound, or active and agonist-bound (Fig. 13.a). New models have been proposed to
account for a third “constitutively active” state (Fig. 13.b) (Khilnani G, 2011)

(Berg K.A, 2018) (Neubig R.R, 2003).

On their own, inverse agonists are recognizable for their ability to decrease biological
activity without the presence of an agonist (as opposed to antagonists, which have
no efficacy of their own) (Fig. 14.a). Inverse agonists are profiled in presence of full
agonists by a decrease in basal activity and a rightward shift of the dose/response
curve, which translates as a decrease in potency (Fig. 14.b).

21 | www.perkinelmer.com

<E

basal full ago+ inv ago basal full ago’

alone.

basal activity is lower than that of the full agonist

B agor invago = Emae Maximal efficacy is equal to that of the full agonist alone,
provided the latter is present in a significant excess.

Agonist

EC 0t agosinvago > ECso1uiag0 POTENCY s inferior to that of the full agonist alone.
- e ° Antagonist e
| 9 W
Antagonist | nactive | Ri # R Activated |
A W Y ¥ °®
| A a4 LAWE
,,,,, Inactive ___ | ) | Activated | agonist R# o

Response

25’"th .
0 Binvago <0

Log[Ligand] M

ECS0,, ,, ECS0

LoglFull agonist] M

Click to Enlarge

TABLE OF CONTENTS

Purpose and scope

Notions of pharmacology
> Orthosteric and allosteric ligands
> Affinity, efficacy and potency

Ligand classes in therapeutic applications

Agonists

> Agonists

> Full agonists
> Partial agonists

Antagonists

> Antagonists

> Competitive antagonism

> Insurmountable antagonism
> Functional antagonism

> Long-lasting effects

Inverse agonists

Allosteric modulators (AM)

> Allosteric enhancers and antagonists
and neutral allosteric ligands

Works Cited

| Ba

PerkinEimer’
For the Better



Pharmacology - Insight into ligand Classes

nacti
Antagonist \___ Inactive ___ | Ri 7» R*! Activated |

i Inverse
,___ Inactve | .  Activated | agonist R
Agonist | Constitutively
active

|

|

I |

Fig. 13.a: Usual two-state receptor/ligand model I I
|
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Fig. 13.b: Proposed three-state receptor/ligand model
Adapted from Khilnani G, et al. (2011). Inverse agonism and its therapeutic significance.
Indian Journal of Pharmacology, 43(5), 492-501.
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Fig. 14.a: Inverse agonist characterization Fig. 14.b: Inverse agonist characterization
A system of constitutively active receptors incubated in presence of Addition of an inverse agonist to a full agonist lowers the basal activity of the system but
inverse agonists sees its activity decreased to 0 as constitutively does not affect the maximal efficacy E. The potency of the mix is less than that of the full agonist
active receptors R# are switched to a fully inactive state Ri. alone (increased EC50).
On the contrary, antagonists have no efficacy of their own and leave Full agonist alone for reference. )
constitutively active receptors the same.
PerkinEimer
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ALLOSTERIC MODULATORS

Allosteric Modulators

"A ligand that increases or decreases the action of an (primary or orthosteric) agonist
or antagonist by combining with a distinct (allosteric or allotopic) site on the receptor
macromolecule." — International Union of Pharmacology Committee

Compounds likely to bind a receptor on a site different from the orthosteric one are
qualified as allosteric ligands. Among such ligands, modulators are those capable of
inducing conformational changes in the receptors they bind, in a way that modulates
said receptors’ effects upon orthosteric agonist binding. Therefore, allosteric
modulators are said to have indirect effects upon a receptor’s signaling activity.
Allosteric modulators have parameters of their own that characterize their properties:

A few allosteric ligands induce low levels of biological response on their own, on top of
their modulation potential. The T factor refers to their intrinsic efficacy in the same way
that the efficacy E does for orthosteric ligands.

The a factor refers to the propensity of an allosteric modulator to affect the affinity of
agonists for their receptors. Consequently, it also affects the potency of said agonists,
as changes in affinity modify the amount of agonist necessary to induce a response
similar to that of a given amount of agonist alone. In pharmacology the a factor of an
AM is characterized in presence of agonists by a parallel horizontal shift of the dose/
response curve and an increase or decrease in the agonist EC, (Fig. 15.a).

The B factor corresponds to the ability of an allosteric modulator to affect the efficacy
of agonists. In pharmacology, the B factor of an AM is characterized in presence of
agonists by an increase or decrease in the agonist maximal response E__ (Fig. 15.b).

The a and B factors are independent numerical objects whose values indicate the
direction of allosteric-induced modulations (Cisbio, 2016).
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ALLOSTERIC MODULATORS

Allosteric Enhancers and Antagonists
and Neutral Allosteric Ligands

Depending on the direction of their effects on agonists, allosteric modulators are either S
allosteric enhancers - or antagonists - and are most often referred to as . ) oL by f“;ﬁp'“‘;ﬂ.ht‘.«“z.“h'y.“
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Fig. 16.a: Positive Allosteric Modulator (PAM) profiling Fig. 16.b: Negative Allosteric Modulator (NAM) profiling

The agonist potency and efficacy are increased (higher E and lesser EC50).
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Fig. 15.a: a factor in allosteric modulation
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Fig. 15.b: B factor in allosteric modulation

The agonist potency and efficacy are decreased (lower E and greater EC50).

| Ba

PerkintElmer
For the Better



TABLE OF CONTENTS

Purpose and scope

WORKS CITED

Notions of pharmacology

o I i . . ) ) > Orthosteric and allosteric ligands
Bdioui S, V. J. (2018, September). Equilibrium Assays Are Required to Accurately Characterize the Activity Profiles of Drugs Modulating Gg-Protein-Coupled Receptors. Molecular

Pharmacology, 92(3), 992-1006. D> Affinity, efficacy and potency

Berg K.A, C. W. (2018). Making Sense of Pharmacology: Inverse Agonism and Functional Selectivity. International Journal of Neuropsychopharmacology, 21(10), 962-977. Ligand classes in therapeutic applications
Burford N.T, W. J. (2011, March). Strategies for the identification of allosteric modulators of G-protein-coupled receptors. Biochemical Pharmacology, 81(6), 691-702.
- A 4 A 4 Agonists
Cisbio. (2016, June 21). Advancing GPCR Drug Discovery through Allosteric Modulation. 9
> Agonists

Dougall .G, U. J. (2015). Evaluation of the Biological Activity of Compounds: Techniques and Mechanism of Action Studies. In The Practice of Medicinal Chemistry (Fourth Edition)
(pp. 15-43).

Gomperts B.D, K. I. (2009). Chapter 2 - First Messengers. In K. I. Gomperts B.D, Signal Transduction (2nd ed., pp. 21-35).

> Full agonists
> Partial agonists

Guzzetta, N. (2007, August). Phenoxybenzamine in the Treatment of Hypoplastic Left Heart Syndrome: A Core Review. Anesthesia & Analgesia, 105(2), 307-315. Antagonists

Hauser A. S, C. S. (2018). Pharmacogenomics of GPCR Drug Targets. Cell, 172(1-2), 41-54. > Antagonists

J.E. Ayala, Y. C. (2009, August). mGIuRS5 positive allosteric modulators facilitate both hippocampal LTP and LTD and enhance spatial learning. Neuropsychopharmacology, 34(9), > Competitive antagonism
2057-71. > Insurmountable antagonism
K.A. Svensson, J. H. (2019, July). Chapter Nine - Positive allosteric modulators of the dopamine D1 receptor: A new mechanism for the treatment of neuropsychiatric disorders. D> Functional antagonism
Advances in Pharmacology, 86, 273-305. D> Long-lasting effects

Keeney, E. (1950, May). MEDICAL PROGRESS: Histamine and the Antihistaminic Drugs. California Medicine, 72(5), 377-389. -
Inverse agonists
Khilnani G, K. A. (2011). Inverse agonism and its therapeutic significance. Indian Journal of Pharmacology, 43(5), 492-501.

Kim J, A. S. (2005, February). Functional antagonism of different G protein-coupled receptor kinases for B-arrestin-mediated angiotensin Il receptor signaling. Proceedings of the Allosteric modulators (AM)
National Academy of Sciences, 102(5), 1442-1447. > Allosteric enhancers and antagonists
Neubig R.R, S. M. (2003). International Union of Pharmacology Committee on Receptor Nomenclature and Drug Classification. XXXVIII. Update on Terms and Symbols in and neutral allosteric ligands

Quantitative Pharmacology. Pharmacological Reviews, 55(4), 597-606.
. . ) o . 4 : 4 , Works Cited

Nussinov R, T. C. (2012). The different ways through which specificity works in orthosteric and allosteric drugs. Current Pharmaceutical Design, 18(9), 1311-1316.

Ojima M, 1. Y. (1997, January). Candesartan (CV-11974) dissociates slowly from the angiotensin AT1 receptor. European Journal of Pharmacology, 319(1), 137-146.

Vauquelin G, V. L. (2002, October). New insights in insurmountable antagonism. Fundamental & Clinical Pharmacology, 16, 263-272.

Wyllie D.J.A, C. P. (2007). Taking The Time To Study Competitive Antagonism. British journal of pharmacology, 150(5), 541-551.

| Be

Perkin
For the Better

®


http://molpharm.aspetjournals.org/content/94/3/992
http://molpharm.aspetjournals.org/content/94/3/992
https://academic.oup.com/ijnp/article/21/10/962/5066769
https://www.sciencedirect.com/science/article/pii/S0006295210008774?via%3Dihub
https://www.youtube.com/watch?v=KCZAlEfHyZE
https://www.sciencedirect.com/science/article/pii/B978012417205000002X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B978012417205000002X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9780123694416000027?via%3Dihub
https://insights.ovid.com/crossref?an=00000539-200708000-00005
https://www.sciencedirect.com/science/article/pii/S0092867417313843?via%3Dihub
https://www.nature.com/articles/npp200930
https://www.nature.com/articles/npp200930
https://www.sciencedirect.com/science/article/abs/pii/S1054358919300249?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1054358919300249?via%3Dihub
http://www.ijp-online.com/article.asp?issn=0253-7613;year=2011;volume=43;issue=5;spage=492;epage=501;aulast=Khilnani
https://www.pnas.org/content/102/5/1442
https://www.pnas.org/content/102/5/1442
http://www.eurekaselect.com/76587/article
https://www.sciencedirect.com/science/article/pii/S0014299996008370?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1472-8206.2002.00095.x
https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1038/sj.bjp.0706997

For more information visit https://www.perkinelmer.com/category/drug-discovery-reagents

PerkinElmer, Inc.

940 Winter Street )
Waltham, MA 02451 USA

P: (800) 762-4000 or

(+1) 203-925-4602

www.perkinelmer.com PerkinEI merm

For a complete listing of our global offices, visit www.perkinelmer.com/ContactUs
Copyright ©2021, PerkinElmer, Inc. All rights reserved. PerkinElmer® is a registered trademark of PerkinElmer, Inc. All other trademarks are the property of their respective owners.

241002 PKI


https://www.perkinelmer.com/category/drug-discovery-reagents

